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Multicomponent Biomarker Approach Improves the Accuracy of 
Diagnostic Biomarkers for Psoriasis Vulgaris
Ene REIMANN1#, Freddy LÄTTEKIVI1#, Maris KEERMANN2,3, Kristi ABRAM2,3, Sulev KÕKS4,5, Külli KINGO2,3 and Alireza FAZELI1,6
1Department of Pathophysiology, 2Department of Dermatology, University of Tartu, 3Clinic of Dermatology, Tartu University Hospital, Tartu, 
Estonia, 4Centre for Comparative Genomics, Murdoch University, 5The Perron Institute for Neurological and Translational Science, Perth, 
Australia and 6'HSDUWPHQWRI2QFRORJ\DQG0HWDEROLVP7KH0HGLFDO6FKRRO8QLYHUVLW\RI6KHI¿HOG6KHI¿HOG8.
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Accurate biomarker-based diagnosis of psoriasis vulga-
ris has remained a challenge; no reliable disease-spe-
FL¿FELRPDUNHUVKDYH\HWEHHQLGHQWL¿HG7KHUHDUHVH-
YHUDOGLIIHUHQWFKURQLFLQÀDPPDWRU\VNLQGLVHDVHVWKDW
FDQSUHVHQWVLPLODUFOLQLFDODQGGHUPRVFRS\IHDWXUHVWR
psoriasis vulgaris, making accurate diagnosis more dif-
¿FXOW%RWK OLWHUDWXUHEDVHGDQGGDWDGULYHQVHOHFWLRQ
of biomarker was conducted to select candidates for a 
PXOWLFRPSRQHQWELRPDUNHUIRUSVRULDVLVYXOJDULV6XS-
SRUWYHFWRUPDFKLQHEDVHGFODVVL¿FDWLRQPRGHOVZHUH
WUDLQHGXVLQJJHQHH[SUHVVLRQGDWDIURPORFDOO\UHFUXL-
ted patients and validated on 7 public datasets, which 
LQFOXGHG JHQH H[SUHVVLRQ GDWD RI RWKHU LQÀDPPDWRU\
VNLQGLVHDVHVLQDGGLWLRQWRSVRULDVLVYXOJDULV7KHUH-
VXOWLQJDFFXUDF\RIWKHEHVWFODVVL¿FDWLRQPRGHOEDVHG
on the expression levels of 4 genes (IL36G, CCL27, 
NOS2 and C10orf99ZDVRXWSHUIRUPLQJFODV-
VL¿FDWLRQ EDVHG RQ RWKHU PDUNHU JHQH FRPELQDWLRQV
ZKLFKZHUHPRUHDIIHFWHGE\YDULDELOLW\LQJHQHH[SUHV-
VLRQ SUR¿OHV EHWZHHQ GLIIHUHQW GDWDVHWV DQG SDWLHQW
JURXSV7KLVDSSURDFKKDVWKHSRWHQWLDOWR¿OOWKHYRLG
RI FOLQLFDOO\DSSOLFDEOHGLDJQRVWLFELRPDUNHUV IRUSVR-
ULDVLVYXOJDULVDQGRWKHULQÀDPPDWRU\VNLQGLVHDVHV
.H\ZRUGV psoriasis; transcriptome; support vector machine.
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Psoriasis can be a challenging disease to diagnose, as QRUHOLDEOHGLVHDVHVSHFL¿FDQGFOLQLFDOO\YLDEOHELR-
PDUNHUVKDYHEHHQLGHQWL¿HG3VRULDVLVLVRQHRIWKHPRVW
SUHYDOHQWFKURQLFLQÀDPPDWRU\DXWRLPPXQHGLVHDVHVRI
WKHVNLQDIIHFWLQJ±RIWKHSRSXODWLRQZRUOGZLGH
&OLQLFDOO\SVRULDVLVFDQPDQLIHVWLWVHOILQDEURDGVSHF-
WUXPRIVXEW\SHVWKHPRVWFRPPRQRIZKLFKLVSVRULDVLV
YXOJDULV3V93V9FDQVKDUHVHYHUDOVLPLODUFOLQLFDO
DQGPROHFXODUIHDWXUHVZLWKRWKHUFKURQLFLQÀDPPDWRU\
VNLQFRQGLWLRQVVXFKDVSDUDSVRULDVLVOLFKHQSODQXVSLW\-
ULDVLVURVHDFRQWDFWHF]HPDDQGDWRSLFGHUPDWLWLV±
$OOWKHVHGLVHDVHVKRZHYHUKDYHGLIIHUHQWWUHDWPHQWDQG
GLVHDVHPDQDJHPHQWVWUDWHJLHV±ZKLFKQHFHVVLWDWHV
DFFXUDWHDQGELRPDUNHUEDVHGGLDJQRVLV
&XUUHQWO\WKHGLDJQRVLVRI3V9UHOLHVPDLQO\RQWKH
DVVHVVPHQWRIYLVLEOHDQGGHUPRVFRSLFV\PSWRPVE\D
FOLQLFLDQ ± RU LQ ERUGHUOLQH FDVHV KLVWRORJLFDO
HYDOXDWLRQ'LVHDVHVSHFL¿FELRPDUNHUVFRXOGDOVR
LPSURYH WKH GLDJQRVLV RI 3V9 RYHUODSSLQJ ZLWK RWKHU
SDSXORVTXDPRXVGLVRUGHUVDQGSURYLGHPRUHDFFXUDWH
PHDQVRITXDQWLI\LQJWUHDWPHQWHI¿FDF\<HDUVRIKLJK
WKURXJKSXW³RPLFV´UHVHDUFKKDYHUHVXOWHGLQPXOWLSOH
SRWHQWLDOELRPDUNHUVIRU3V9DQGRWKHULQÀDPPDWRU\VNLQ
GLVHDVHV\HWPRVWRIWKHPDUHXQLYHUVDOIRULQÀDPPDWLRQ
DQGQRVLQJOHPDUNHUKDVVKRZQWREHUREXVWO\VSHFL¿F
WRDJLYHQGLVHDVH
7KHDSSURDFKRIXVLQJPXOWLSOHELRPDUNHUVLQFRPEL-
QDWLRQKDVSURYHQWREHPRUHUREXVWDQGDFFXUDWHWKDQ
WKHVWDQGDORQHPHDVXUHPHQWVRILQGLYLGXDOELRPDUNHUV
LQWKHFRQWH[WRIVHYHUDOKXPDQGLVHDVHV±:LWK
WKHDGYDQFHPHQWRIFRPSXWDWLRQDOPHWKRGVPXOWLFRP-
SRQHQWELRPDUNHUVRIIHUDVROXWLRQWRRYHUFRPHLQWHULQ-
GLYLGXDOYDULDELOLW\LQWKHELRPDUNHUEDVHGGLDJQRVWLFV
RI FRPSOH[KHWHURJHQHRXVGLVHDVHV ±$V VXFK
ZHK\SRWKHVL]HGWKDWXVLQJDVHWRIELRPDUNHUVLQFRP-
ELQDWLRQDVDPXOWLFRPSRQHQWELRPDUNHUZRXOGDOORZ
3V9WREHGLVWLQJXLVKHGIURPRWKHULQÀDPPDWRU\VNLQ
GLVHDVHVPRUHDFFXUDWHO\WKDQDQ\RIWKHLQGLYLGXDOPDU-
NHUVLQGHSHQGHQWO\&RXSOLQJWKLVZLWKDORZFRVWJHQH
H[SUHVVLRQTXDQWL¿FDWLRQPHWKRGVXFKDVTXDQWLWDWLYH
UHDOWLPH3&5T3&5FRXOGUHVXOWLQDFOLQLFDOO\YLDEOH
WRROIRUWKHGLDJQRVLVRI3V9
SIGNIFICANCE
This article highlights the issue that previously proposed 
gene expression-based biomarkers for psoriasis vulgaris 
DUHGDWDVHWVSHFL¿FDQGWKHUHIRUHSHUIRUPOHVVDFFXUDWHO\
in alternative groups of patients. This paper addresses this 
problem by demonstrating that combining several potential 
biomarkers into a single multicomponent biomarker results 
LQPRUHDFFXUDWHFODVVL¿FDWLRQPRGHOVZKLFKUHWDLQ WKHLU
DFFXUDF\DFURVVGLIIHUHQWGDWDVHWVDQGSDWLHQWJURXSVZLWK
WKHLQFOXVLRQRIRWKHULQÀDPPDWRU\VNLQGLVHDVHV:HEH-
OLHYH WKDW WKLV DSSURDFKKDV WKHSRWHQWLDO WR ¿OO WKH YRLG
of clinically applicable diagnostic biomarkers for psoriasis 
YXOJDULVDQGRWKHULQÀDPPDWRU\VNLQGLVHDVHV
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Multicomponent biomarker for psoriasis vulgaris
1KWWSVZZZPHGLFDOMRXUQDOVVHDFWDFRQWHQWDEVWUDFW
7DEOH,'DWDVHWVFRPSULVLQJWKHWHVWVHWDQGFRUUHVSRQGLQJQXPEHURIVDPSOHV
GEOa Methodb PsVc Ps-NLd ADe AD-NLf LPg CEh Ci Ps-PPM Ps-Sk
GSE66511 RNA-seq 12 12 12
*6( RNA-seq   3   3
GSE65832 RNA-seq 20 20
GSE83645 RNA-seq 18   5
*6( RNA-seq   8   9 3 8
GSE121212 RNA-seq 28    38
*6( Microarray 30 30 30 30 30
aNCBI GEO accession number. b*HQH H[SUHVVLRQ TXDQWL¿FDWLRQPHWKRG cLesional psoriasis vulgaris skin; dnon-lesional skin of psoriasis patients; elesional atopic 
dermatitis skin; fnon-lesional skin of atopic dermatitis patients; glesional lichen planus skin; hlesional contact dermatitis skin; ihealthy control skin; Mlesional plaque-type 
palmoplantar psoriasis skin; klesional scalp psoriasis skin.
MATERIALS AND METHODS
Patients and sample collection
7ZHQW\SDWLHQWVZLWKSVRULDVLVYXOJDULV3V9DQGZLWKDWRSLF
GHUPDWLWLV$'ZHUHUHFUXLWHGIURPWKH'HUPDWRORJ\&OLQLFRI
7DUWX8QLYHUVLW\+RVSLWDO7KH(WKLFV5HYLHZ&RPPLWWHHRQ+X-
PDQ5HVHDUFKRIWKH8QLYHUVLW\RI7DUWXDSSURYHGWKHSURWRFROV
DQGLQIRUPHGFRQVHQWIRUPVXVHGLQWKLVVWXG\$OOSDUWLFLSDQWV
VLJQHG DQ LQIRUPHG FRQVHQW IRUP 'HWDLOHG FKDUDFWHULVWLFV RI
UHFUXLWHGSDWLHQWVDUHVKRZQLQ$SSHQGL[6$OOVNLQVDPSOHV
ZHUHREWDLQHGZLWKPPSXQFKELRSV\7KHELRSV\VSHFLPHQV
ZHUHLQVWDQWO\IUR]HQRQGU\LFHDQGVWRUHGDW±&IRUXSWR
PRQWKVXQWLO51$H[WUDFWLRQ
Public datasets included in the analysis
7KH1&%,*(2KWWSVZZZQFELQOPQLKJRYJHRGDWDVHWVLQ-
FOXGHGLQWKHDQDO\VLVDUHVXPPDUL]HGLQTable I7KHFRUHGDWDVHWV
XVHGIRUWHVWLQJWKHGLVHDVHVSHFL¿FPXOWLFRPSRQHQWELRPDUNHU
DSSURDFKZHUHWKHPLFURDUUD\GDWDVHW*6(DQG51$VHT
GDWDVHW*6(DVWKHVHLQFOXGHGVHYHUDORWKHULQÀDPPDWRU\
VNLQGLVHDVHVLQDGGLWLRQWR3V9$GGLWLRQDO51$VHTGDWDVHWV
ZHUHLQFOXGHGLQWKHWHVWVHWLQRUGHUWRLQFRUSRUDWHPRUHRIGLI-
IHUHQW3V9SDWLHQWJURXSVDQGDGGLWLRQDOVNLQFRQGLWLRQVVXFKDV
DWRSLFGHUPDWLWLV$'QRQOHVLRQDOVNLQVDPSOHVRI$'SDWLHQWV
$'1/DQGQRQOHVLRQDOSVRULDWLF VNLQ 3V1/VDPSOHV1R
GDWDVHWVLQFOXGLQJRWKHULQÀDPPDWRU\VNLQGLVHDVHVHJOLFKHQ
SODQXVRUFRQWDFWHF]HPDZHUHIRXQGDPRQJWKH51$VHTGDWDVHWV
OLVWHGLQWKH1&%,*(2UHSRVLWRU\
Quantitative PCR analysis
4XDQWLWDWLYH UHDOWLPH 3&5 T3&5 ZDV XVHG WR TXDQWLI\ WKH
H[SUHVVLRQOHYHOVRIPDUNHUJHQHVLQJURXSVRIORFDOO\UHFUXLWHG
SDWLHQWV6NLQVDPSOHVIURPWKH¿UVWJURXSZHUHFROOHFWHGDVD
SDUWRIDSUHYLRXVVWXG\DQGFRQVLVWHGRISDLUHG3V9DQG
3V1/VNLQVDPSOHVIURPWKHVDPHSDWLHQWVDQGVDPSOHVIURP
KHDOWK\ FRQWUROV &7KLV GDWDVHW LV KHUHLQDIWHU UHIHUUHG WR DV
³T3&5GDWDVHW´7KHVDPHVDPSOHVDOVRFRQVWLWXWHWKH*6(
51$VHTGDWDVHW7KHVHFRQGJURXSFRQVLVWHGRISDWLHQWVZLWK
3V9DQGSDWLHQWVZLWK$'*HQHH[SUHVVLRQGDWDRIWKHVHSD-
WLHQWVDUHKHUHLQDIWHUUHIHUUHGWRDV³T3&5GDWDVHW´7KHT3&5
H[SHULPHQWV ZHUH FRQGXFWHG IROORZLQJ 0,4( JXLGHOLQHV 
'HWDLOHGGHVFULSWLRQRIWKHPHWKRGVDUHVKRZQLQ$SSHQGL[6
RNA-seq data analysis
$OOEDVHVSDFHGDWDVHWVZHUHDOLJQHGWRWKHKJUHIHUHQFHJHQRPH
XVLQJ67$5Y$OLJQHGUHDGVZHUHTXDQWL¿HGDFFRUGLQJWR
*(1&2'(UHOHDVHZLWKWKH³±TXDQW0RGH*HQH&RXQWV´
RSWLRQRI67$51RQGHIDXOWRSWLRQVXVHGIRUUHDGDOLJQPHQWDUH
VKRZQLQ$SSHQGL[67KHFRORXUVSDFH62/L'/LIH7HFKQR-
ORJLHV/WGUHDGVRIWKH*6(GDWDVHWZHUHPDSSHGWRWKH
KJUHIHUHQFHJHQRPHDQGH[RQH[RQMXQFWLRQVXVLQJ/LIH6FRSH
VRIWZDUH/LIH7HFKQRORJLHV/WGPDSSLQJPRGXOHZLWKUHFRP-
PHQGHGVHWWLQJV0DSSLQJTXDOLW\FXWRIIZDVVHWDW0$34
$OLJQHG UHDGV ZHUH TXDQWL¿HG DFFRUGLQJ WR 8&6& 
5HI*HQHDQQRWDWLRQVIRUKJXVLQJ/LIH6FRSHVRIWZDUH
&ODVVL¿FDWLRQPRGHOVDQGGDWDYLVXDOL]DWLRQ
51$VHT H[SUHVVLRQ GDWD ZDV DQDO\VHG DQG YLVXDOL]HG DV ORJ
WUDQVIRUPHG EDVHRU VWDQGDUGL]HG ]VFRUH5HDGV3HU.L-
OREDVHRI WUDQVFULSWSHU0LOOLRQPDSSHGUHDGV53.0YDOXHV
*HQHH[SUHVVLRQYDOXHVIURPT3&5ZHUHDQDO\VHGDQGYLVXDOL]HG
DV±ǻǻ&TYDOXHV0LFURDUUD\JHQHH[SUHVVLRQGDWDZHUHDQDO\VHG
DQGYLVXDOL]HGDV&\&\LQWHQVLW\UDWLRV$OOJHQHH[SUHVVLRQ
YDOXHVZHUHVWDQGDUGL]HGSULRUWREHLQJXVHGLQWKHVXSSRUWYHFWRU
PDFKLQH690PRGHOV,QRUGHUWRXVHWKHGLIIHUHQWJHQHH[SUHV-
VLRQPHDVXUHVLQWHUFKDQJHDEO\LQDVLQJOHPRGHODQRYHOPHWKRG
ZDVGHYHORSHG WR WUDQVIRUP WKHH[SUHVVLRQYDOXHVRI LQWRQHZ
IHDWXUHV,QEULHIWKHH[SUHVVLRQYDOXHVRIWKHPDUNHUJHQHVHJ
,/*&&/126DQG&RUIDV53.0YDOXHV±ǻǻ&T
YDOXHVRU&\&\LQWHQVLW\UDWLRVZHUHWUDQVIRUPHGLQWRSRO\-
QRPLDOHTXDWLRQFRHI¿FLHQWVIROORZHGE\]VFRUHVWDQGDUGL]DWLRQ
7KLVPHWKRGLVOLPLWHGWREHXVHGZLWKDVPDOOQXPEHURIJHQHV
7KHWUDQVIRUPDWLRQPHWKRGLVH[SODLQHGLQGHWDLOLQ$SSHQGL[6
690PRGHOVZHUHLPSOHPHQWHGXVLQJWKHHSDFNDJH
LQ5*DPPDDQGFRVWSDUDPHWHUVZHUHGHWHUPLQHGE\WKHtune.
svm() IXQFWLRQXVLQJYDOXHVRIXZKHUH[ZDVDQLQWHJHULQWKH
UDQJH>±@IRUJDPPDDQG>±@IRUFRVWSDUDPHWHUV/LQHDU
IHDWXUHRUVLJPRLGPRUHWKDQIHDWXUHNHUQHOVZHUHXVHG
LQWKH690PRGHOV/HDYHRQHRXWPHWKRGZDVXVHGIRUFURVV
YDOLGDWLRQ/22&9RIWKHWUDLQHGPRGHOV52&5SDFNDJH
ZDVXVHGWRSORWUHFHLYHURSHUDWLQJFKDUDFWHULVWLF52&FXUYHV
DQGFDOFXODWHWKHDUHDXQGHUWKHFXUYH$8&
)HDWXUHVHOHFWLRQZDVFRQGXFWHGXVLQJWKH5HFXUVLYH)HDWXUH
(OLPLQDWLRQ5)(PHWKRGIURPWKHFDUHWSDFNDJHLQRUGHU
WRGHWHUPLQHWKHEHVWJHQHVHWVIRU3V9FODVVL¿FDWLRQ5)(ZDV
LPSOHPHQWHGXVLQJWKHSUHGH¿QHG5DQGRP)RUHVWIXQFWLRQZLWK
IROGFURVVYDOLGDWLRQ5)(ZDVFRQGXFWHGVHSDUDWHO\RQWKH
*6(DQG*6(GDWDVHWVDQGZDVOLPLWHGWRWKHJHQHV
SUHVHQWLQERWKn 
JJSORWSDFNDJH RU5EDVHJUDSKLFV ZHUHXVHG IRU
GDWDYLVXDOL]DWLRQ3ULQFLSDOFRPSRQHQWVZHUHFDOFXODWHGXVLQJ
prcomp() IXQFWLRQ IURP WKH 6WDWV SDFNDJH  6SHDUPDQ¶V
FRUUHODWLRQ FRHI¿FLHQWV ZHUH FDOFXODWHG WR DVVHVV FRUUHODWLRQV
EHWZHHQ JHQH H[SUHVVLRQ OHYHOV DQG SDWLHQW FKDUDFWHULVWLFV IRU
WKH3V9VDPSOHVIURPERWKT3&5GDWDVHWVDQG$'VDPSOHVIURP
WKHT3&5GDWDVHW
Experimental design
/LWHUDWXUH UHYLHZ IRU LGHQWL¿FDWLRQ RI SURSRVHG ELRPDUNHUV A 
UHYLHZRISXEOLVKHGVWXGLHVZDVFRQGXFWHGWRLGHQWLI\SRWHQWLDO
ELRPDUNHUVIRU3V97KHVHDUFKZDVSHUIRUPHGXVLQJWKH3XE0HG
VHDUFK HQJLQH KWWSVZZZQFELQOPQLKJRYSXEPHG DQG WKH
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NH\ZRUG³SVRULDVLVELRPDUNHU´$OOUHYLHZDQGUHVHDUFKDUWLFOHV
SXEOLVKHG LQ WKH\HDUV WRZHUH UHYLHZHG LQFOXGLQJ
UHOHYDQWUHVHDUFKDUWLFOHVFLWHGE\WKHUHYLHZDUWLFOHV7KHIXOOOLVW
RIUHYLHZHGSXEOLFDWLRQVLVVKRZQLQ7DEOH6,
9DOLGDWLRQRIVHOHFWHGELRPDUNHUFDQGLGDWHV7KHVHOHFWHGJHQH
H[SUHVVLRQEDVHGELRPDUNHUFDQGLGDWHVZHUHYDOLGDWHGLQVWHSV
)LUVWWKHGLIIHUHQWLDOH[SUHVVLRQRIWKHPDUNHUJHQHVZDVFRQ¿UPHG
LQ51$VHTGDWDVHW*6(RIORFDOO\UHFUXLWHGSDWLHQWVDQG
KHDOWK\FRQWUROVIROORZHGE\DGGLWLRQDOTXDQWL¿FDWLRQE\T3&5
6HFRQGO\ WKH GLVHDVHVSHFL¿FLW\ RI WKH VHOHFWHG PDUNHUV ZDV
DVVHVVHGXVLQJWKH*6(DQG*6(GDWDVHWVDQGDG-
GLWLRQDOO\UHFUXLWHGSDWLHQWVZLWK3V9DQGSDWLHQWVZLWK$'
&ODVVL¿FDWLRQ PRGHO FRQVWUXFWLRQ DQG WHVWLQJ )LYH DGGLWLRQDO
SXEOLFGDWDVHWVZHUHLQFOXGHGDQGFODVVL¿FDWLRQPRGHOVWUDLQHG
RQT3&5GDWDRI ORFDOO\UHFUXLWHGSDWLHQWVZHUHYDOLGDWHGRQD
WRWDORISXEOLFGDWDVHWVFRPSULVHGRIGLIIHUHQWSDWLHQWJURXSV
$VDQDOWHUQDWLYHGDWDGULYHQELRPDUNHUVHOHFWLRQDSSURDFKWKH
*6(DQG*6(GDWDVHWVZHUHXVHGWRVHOHFWJHQH
FRPELQDWLRQV WKDW EHVW GLIIHUHQWLDWH 3V9 IURP RWKHU VDPSOHV
6LPLODUO\WKHVHPXOWLFRPSRQHQWELRPDUNHUVZHUHWKHQYDOLGDWHG
RQWKHIXOOWHVWVHW
$JUDSKLFDORYHUYLHZRIWKHVWXG\GHVLJQLVSUHVHQWHGLQ)LJ
6$SSHQGL[6
RESULTS
%LRPDUNHUFDQGLGDWHVIURPWKHOLWHUDWXUH
)URPWKHUHYLHZRISXEOLVKHGVWXGLHVUHSRUWLQJELRPDU-
NHUVRI3V9LWEHFDPHHYLGHQWWKDWWKHH[SUHVVLRQOHYHOVRI
VSHFL¿FJHQHVLQWKHOHVLRQDOVNLQKROGWKHPRVWSURPLVH
IRUGLVHDVHVSHFL¿FELRPDUNHUV,QFRQWUDVWFLUFXODWRU\
ELRPDUNHUV VHHP WR UHIOHFW PRUH JHQHUDO LQIODPPD-
WRU\SURFHVVHV$VDUHVXOWJHQHVIL36G, NOS2, 
CCL27, C10orf99 and IGFL1ZLWKDOWHUHGH[SUHVVLRQ
OHYHOVLQ3V9OHVLRQVZKLFKKDGSUHYLRXVO\EHHQSURSR-
VHGDVELRPDUNHUVRI3V9E\LQGHSHQGHQWVWXGLHVZHUH
VHOHFWHGWRIRUPWKHPXOWLFRPSRQHQWELRPDUNHU7DEOH
6,,$SSHQGL[6
&RQ¿UPDWLRQRIGLIIHUHQWLDOH[SUHVVLRQRIWKHVHOHFWHG
genes
7KH GLIIHUHQWLDO H[SUHVVLRQ RI WKH VHOHFWHG JHQHV ZDV
FRQ¿UPHG LQDSUHYLRXVO\SXEOLVKHG51$VHTGDWDVHW
*6(RISDLUHG3V9VNLQ VDPSOHVDQGQRQ
OHVLRQDO VNLQ VDPSOHV IURP WKH VDPH SDWLHQWV DQG 
KHDOWK\FRQWUROV'HVSLWHWKHPLQRURYHUODSRIH[SUHVVLRQ
OHYHOVLQ3V9DQG3V1/RU&VDPSOHVLQFDVHRIIGFL1, 
NOS2 and CCL27WKHGLIIHUHQFHVLQH[SUHVVLRQRIWKH
JHQHVDVSUHYLRXVO\GHVFULEHGZHUHDSSDUHQW([SUHV-
VLRQOHYHOVRIWKHPDUNHUJHQHVZHUHIXUWKHUTXDQWL¿HGE\
T3&57KHFRPELQHGH[SUHVVLRQSDWWHUQRIWKHJHQHV
FOHDUO\GLVWLQJXLVKHG3V9VDPSOHV IURP3V1/DQG&
VNLQVDPSOHV)LJ6$SSHQGL[6
'LVHDVHVSHFL¿FLW\RIWKHVHOHFWHGJHQHVDQGFODVVL¿FD
tion models
7KHGLVHDVHVSHFL¿FLW\RIWKHVHOHFWHGELRPDUNHUJHQHV
DQGWKHFODVVL¿FDWLRQPRGHOVEDVHGRQWKHPZHUH¿UVW
DVVHVVHGLQGHSHQGHQWO\RQWKH*6(*6(
DQGFRPELQHGT3&5GDWDVHWV,WVKRXOGEHQRWHGWKDWWKH
SUREHV IRU RQH RI WKH VHOHFWHG PDUNHU JHQHV IGFL1
ZHUHQRWLQFOXGHGRQWKHPLFURDUUD\VXVHGWRFUHDWHWKH
*6(GDWDVHWDQGWKLVZDVDOLPLWLQJIDFWRUWRWKH
DQDO\VLV
7KH*6(GDWDVHWLVFKDUDFWHUL]HGE\VLJQL¿FDQWO\
higher IL36GH[SUHVVLRQOHYHOVLQ3V9VDPSOHVFRPSD-
UHGZLWKRWKHULQÀDPPDWRU\VNLQGLVHDVHVDQGFRQWURO
VDPSOHVFig. 1DPDNLQJLWDQHDUSHUIHFWELRPDUNHUIRU
3V9DVUHSRUWHGE\'¶(UPHDQGFROOHDJXHV1RQH
RI WKHRWKHUELRPDUNHUJHQHVGLVSOD\HGFRPSDUDEOH
GLVHDVHVSHFL¿F TXDOLWLHV LQ WKLV GDWDVHW DV C10orf99 
ZDVXSUHJXODWHGLQDOOWKHLQÀDPPDWRU\VNLQGLVHDVHV
CCL27ZDVGRZQUHJXODWHGLQERWK3V9DQG/3VDPSOHV
and NOS2GLVSOD\HGRQO\PLQRUXSUHJXODWLRQLQDOOVNLQ
GLVHDVHVDPSOHVFRPSDUHGZLWKFRQWUROV/HDYHRQHRXW
FURVVYDOLGDWLRQ/22&9RID690FODVVL¿FDWLRQPR-
del based on IL36GH[SUHVVLRQ\LHOGHGSHUIHFWDFFXUDF\
$8& IRUWKLVGDWDVHW7KHNOS2 and CCL27 combi-
QDWLRQSURSRVHGE\4XDUDQWDDQGFROOHDJXHVUHVXOWHG
LQDUHODWLYHO\SRRUFODVVL¿FDWLRQPRGHO$8& LQ
WKLVFDVH$PRGHOEDVHGRQDOOJHQHVSHUIRUPHGZLWK
/22&9DFFXUDF\FRPSDUDEOHWRIL36GEDVHGFODVVL¿FD-
WLRQ)LJ6D±F$SSHQGL[6
,QWHUHVWLQJO\LQWKHFRPELQHGT3&5GDWDVHWVZLWK
LQGHSHQGHQW3V9JURXSVIL36GH[SUHVVLRQOHYHOVDORQH
GLGQRWDOORZDVDFFXUDWHFODVVL¿FDWLRQRI3V9VDPSOHV
$8& GXHWRWKHRYHUODSRIH[SUHVVLRQOHYHOVLQWKH
3V9DQGWKH$'JURXSV)LJE,QWKHFRQ¿QHVRIWKLV
GDWDVHWD690FODVVL¿FDWLRQPRGHOEDVHGRQNOS2 and 
CCL27RXWSHUIRUPHGFODVVL¿FDWLRQEDVHGRQRQO\IL36G
&ODVVL¿FDWLRQDFFXUDF\IXUWKHULPSURYHGVOLJKWO\ZLWKWKH
JHQHH[FOXGLQJIGFL1DQGJHQHPRGHOV6LPLODUO\
WKHJHQHDQGJHQHPRGHOVGLVSOD\HGEHWWHUUHVXOWV
FRPSDUHGZLWKWKHIL36G or NOS2 and CCL27-based 
PRGHOVIRUWKH*6(GDWDVHWGXHWRRYHUODSSLQJ
H[SUHVVLRQOHYHOVLQWKHGLIIHUHQWJURXSVRIVDPSOHV)LJ
FDQG)LJ6G±N$SSHQGL[6
7KH UHFXUUHQW WKHPH LQ WKH FRPSDULVRQ RI WKH 
GDWDVHWVZDV WKH FRQVLVWHQW DFFXUDF\RI VDPSOH FODV-
VL¿FDWLRQE\WKHJHQHPRGHODQGWKHJHQHPRGHO
ZKHUHDSSOLFDEOHDVWKHFRPELQHGH[SUHVVLRQSUR¿OH
RIWKHVHJHQHVEHWWHUVXUYLYHGWKHHIIHFWRILQWHUGDWDVHW
YDULDELOLW\ )LJ G±I7KHUHIRUH WKH JHQH PRGHO
EDVHGRQWKHH[SUHVVLRQOHYHOVRIL36G, CCL27, NOS2 
and C10orf99ZLWKKLJK/22&9DFFXUDFLHVLQ
DOOLQGHSHQGHQWGDWDVHWVZDVVHOHFWHGDVWKHSUHIHUUHG
GLVHDVHVSHFL¿FFODVVL¿FDWLRQPRGHOIRU3V9)LJ6
$SSHQGL[6
,QDGGLWLRQWKHFRUUHODWLRQVEHWZHHQWKHPDUNHUJHQHV
DQG SDWLHQW FKDUDFWHULVWLFV LQ WKH T3&5 GDWDVHWV ZHUH
DVVHVVHGEXWQRVWDWLVWLFDOO\VLJQL¿FDQWp FRUUH-
ODWLRQVZHUHREVHUYHGEHWZHHQWKHH[SUHVVLRQOHYHOVRI
WKHPDUNHUJHQHVDQGGLVHDVHVHYHULW\LQHLWKHUWKH3V9
RUWKH$'JURXS7DEOH6,,,$SSHQGL[6
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Multicomponent biomarker for psoriasis vulgaris
)LJ2YHUYLHZRIPDUNHUJHQHH[SUHVVLRQOHYHOVLQWKH*6(*6(DQGT3&5GDWDVHWV (a) Expression levels as Cy5/Cy3 intensity 
value ratios of the 4 out of 5 biomarker genes across 30 psoriasis (Ps), 30 atopic dermatitis (AD), 30 contact eczema (CE), 30 lichen planus (LP) and 
KHDOWK\FRQWURO&VNLQVDPSOHVLQWKH*6(GDWDVHW7KHH[SUHVVLRQOHYHOVRIIGFL1ZHUHDEVHQWIURPWKLVGDWDVHWE([SUHVVLRQOHYHOVDV
±GG&TƩƩ&TTXDQWLWDWLRQF\FOHRIWKHWDUJHWJHQHDGMXVWHGIRUTXDQWLWDWLRQF\FOHVRIUHIHUHQFHJHQHVDQGFDOLEUDWLRQVDPSOHYDOXHVRIWKHPDUNHU
genes for 32 psoriasis vulgaris (PsV_1 and PsV_2), 18 AD, 12 non-lesional psoriasis (Ps-NL) and 12 C skin samples in the qPCR datasets. (c) Expression 
OHYHOVDVORJRI53.05HDGV3HU.LOREDVHRIWUDQVFULSWSHU0LOOLRQPDSSHGUHDGVYDOXHVRIWKHPDUNHUJHQHVIRU3V93V1/$'DQG
&VNLQVDPSOHVLQWKH*6(GDWDVHW7KH¿UVWSULQFLSDOFRPSRQHQWVRIWKHRUJHQHH[SUHVVLRQYDOXHVLQWKHG*6(HT3&5DQG
I*6(GDWDVHWV(UURUEDUVUHSUHVHQWFRQ¿GHQFHLQWHUYDOV
Test set assembly and transformation of gene expression 
values
$WHVWVHWFRPSULVHGRISXEOLFGDWDVHWV7DEOH,WRWDOOLQJ
VDPSOHVZDVDVVHPEOHGWRIXOO\WHVWWKHSHUIRUPDQFH
RI WKH JHQH FODVVL¿FDWLRQ PRGHO *HQH H[SUHVVLRQ
YDOXHV LQ WKHVH GDWDVHWV ZHUH WUDQVIRUPHG LQWR QHZ
IHDWXUHVWRFRUUHFWIRUWKHGLIIHUHQFHVLQYDOXHVREWDLQHG
E\ GLIIHUHQW JHQH H[SUHVVLRQ TXDQWL¿FDWLRQ PHWKRGV
51$VHTPLFURDUUD\DQGT3&57KHWUDQVIRUPDWLRQ
RI H[SUHVVLRQ YDOXHV RI WKH  PDUNHU JHQHV IL36G, 
CCL27, NOS2 and C10orf99LQWRSRO\QRPLDOHTXDWLRQ
FRHI¿FLHQWVIROORZHGE\]VFRUHVWDQGDUGL]DWLRQUHVFDOHG
WKH53.0YDOXHV&\&\LQWHQVLW\UDWLRVDQG±ǻǻ&T
YDOXHVZKLOH UHWDLQLQJ WKHRYHUDOO H[SUHVVLRQSUR¿OHV
Fig. 2DQG)LJV6±$SSHQGL[67KLVHQDEOHGWKH
LQWHUFKDQJHDEOHXVHRIGLIIHUHQWJHQHH[SUHVVLRQYDOXHVLQ
DVLQJOHPRGHO7UDQVIRUPDWLRQLQWRSRO\QRPLDOHTXDWLRQ
FRHI¿FLHQWVSULRUWR]VFRUHVWDQGDUGL]DWLRQZDVHVVHQ-
tial to rescaling the data and maintaining the expression 
SDWWHUQLQWKHIRUPRIQHZIHDWXUHVDQGRXWSHUIRUPHG
VLPSOH]VFRUH VWDQGDUGL]DWLRQZLWKRXW WUDQVIRUPDWLRQ
)LJ6$SSHQGL[6
Model testing
$ QHZ JHQH PRGHO ZDV WUDLQHG RQ WKH WUDQVIRUPHG
T3&5GDWDZLWKD/22&9DFFXUDF\RIFRPSD-
UDEOHWRWKHPRGHOWUDLQHGRQXQWUDQVIRUPHGGDWD)LJ
6$SSHQGL[67KUHH3V9VDPSOHVSURGXFHGIDOVH
QHJDWLYHSUHGLFWLRQVGXULQJ/22&9,QWKHVHVDPSOHV
WKHH[SUHVVLRQOHYHOVRIIL36G and NOS2ZHUHFRQVLGH-
UDEO\ORZHUWKDQWKHPDMRULW\RIWKH3V9VDPSOHV)LJ
6$SSHQGL[6
7KHPRGHOZDVWKHQWHVWHGRQDQDVVHPEOHGVHWRI
VDPSOHV ODEHOOHG 3V9 RU 2W RWKHU7KH DFFXUDF\ RI
PRGHOSUHGLFWLRQVRQWKHYDOLGDWLRQVHWZDVZLWK
IDOVHQHJDWLYHDQGIDOVHSRVLWLYHFDOOVZLWK3V9DV
WKHSRVLWLYHRXWFRPHFig. 3)DOVHO\SUHGLFWHGVDPSOHV
LQERWKWKHWUDLQLQJDQGWHVWVHWGLIIHUHQWLDWHIURPWKHLU
UHVSHFWLYHJURXSVEDVHGRQWKHLUJHQHH[SUHVVLRQSUR¿OHV
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)LJ([SUHVVLRQYDOXHVRILQLWLDOPDUNHUJHQHVWUDQVIRUPHGWRQHZIHDWXUHV (a) 
Untransformed expression values for the 4 marker genes as Reads Per Kilobase of transcript 
SHU 0LOOLRQ PDSSHG UHDGV 53.0 YDOXHV IRU 51$VHT GDWDVHWV *6( *6(
*6(*6(*6(DQG*6(&\&\ LQWHQVLW\YDOXH UDWLRV IRU WKH
*6(PLFURDUUD\GDWDVHWRU±ƩƩ&TYDOXHVTXDQWLWDWLRQF\FOHRIWKHWDUJHWJHQHDGMXVWHG
for quantitation cycles of reference genes and calibration sample) for qPCR datasets. Samples are 
coloured on the graphs as lesional psoriasis vulgaris skin samples (PsV: red) or other samples 
(Ot: blue). The latter consists of non-lesional skin samples of psoriasis vulgaris patients, atopic 
dermatitis, non-lesional atopic dermatitis, contact eczema, lichen planus and healthy control 
VNLQVDPSOHVE([SUHVVLRQYDOXHVIRUWKHPDUNHUJHQHVWUDQVIRUPHGLQWRQHZIHDWXUHV
intercept, x, x2 and x3 as in \ ǃ0 + ǃ1[ǃ2 x2ǃ3 x3İ1. The polynomial line equation ZDVREWDLQHGE\FRGLQJWKHPDUNHUJHQHVDVLQWHJHUVDQGXVLQJDOLQHDUPRGHOWR¿WDGHJUHH
SRO\QRPLDOOLQHWRFRQQHFWH[SUHVVLRQYDOXHVDORQJWKH[D[LV7KHQHZIHDWXUHVZHUHIXUWKHU
VWDQGDUGL]HGDV]VFRUHVZKHUHVWDQGDUGGHYLDWLRQ6'DQGPHDQZHUHFDOFXODWHGVHSDUDWHO\
IRUHDFKJHQHDQGH[SUHVVLRQTXDQWL¿FDWLRQPHWKRGJURXS51$VHTPLFURDUUD\RUT3&5
VXFFHVVIXOO\UHVFDOLQJWKHJHQHH[SUHVVLRQYDOXHVREWDLQHGE\GLIIHUHQWTXDQWL¿FDWLRQPHWKRGV
)LJ6$SSHQGL[6DQGDUHOLVWHGLQ7DEOH6,9Ap-
SHQGL[6&ODVVL¿HUVEDVHGVROHO\RQIL36G expression 
OHYHOVRUWKHFRPELQDWLRQRINOS2 and CCL27 genes, 
UHVXOWHGLQUHVSHFWLYHSUHGLFWLRQDFFXUDFLHVRIDQG
RQWKHWHVWVHW)LJ6$SSHQGL[6
7KH 690 PRGHO ZDV DOVR XVHG WR FODVVLI\  VFDOS
SVRULDVLV3V6DQGSODTXHW\SHSDOPRSODQWDUSVRULDVLV
3V33 VDPSOHV IURP WKH *6( GDWDVHW 6HYHQ
3V6VDPSOHVZHUHFODVVL¿HGDV3V9DQGDOORIWKH3V33
ZHUHFODVVL¿HGDV2W3V33VDPSOHVGLV-
SOD\HGNOS2H[SUHVVLRQOHYHOVFRPSD-
UDEOHWRWKHH[SUHVVLRQOHYHOVRIKHDOWK\
FRQWUROVDPSOHVIURPWKHVDPHGDWDVHW
leading the model not to recognize them 
DV3V9)LJ6$SSHQGL[6
'DWDGULYHQDOWHUQDWLYHWRELRPDUNHU
candidate selection
,QDGGLWLRQWRWKHVHWRIPDUNHUJHQHVVH-
OHFWHGEDVHGRQWKHUHVXOWVRISUHYLRXVO\
SXEOLVKHGVWXGLHVDGDWDGULYHQELRPDU-
NHUVHOHFWLRQZDVFRQGXFWHGXVLQJ WKH
*6( DQG *6( GDWDVHWV
7KH5)(PHWKRGZDVXVHGWRVHOHFWWKH
EHVWJHQHFRPELQDWLRQVGLIIHUHQWLDWLQJ
3V9VDPSOHVLQERWKGDWDVHWV,QKHUHQW
WRWKH*6(GDWDVHWIL36GSURYHG
WR EH WKH EHVW 3V9VSHFL¿F ELRPDUNHU
DQG LQFOXGLQJ WKH  QH[W EHVW JHQHV
CRABP2, S100A7A, and IL36RN, mar-
JLQDOO\ LQFUHDVHG UHVXOWLQJ SUHGLFWLRQ
HUURUV)LJ6D$SSHQGL[6,QFDVH
RI WKH *6( GDWDVHW SUHGLFWLRQ
HUURUVGHFUHDVHGZLWKHDFKDGGHGPDU-
NHU JHQH )LJ 6E$SSHQGL[ 6
7KH WRSSUHGLFWRUVRI3V9EDVHGRQ
WKH*6(GDWDVHWZHUHSPRR2A, 
PRELP, ARG1 and KYNU7KHH[SUHV-
VLRQOHYHOVRIWKHVHJHQHVZHUHPRVWO\
FRQVLVWHQWEHWZHHQWKHGDWDVHWVZLWK
WKH H[FHSWLRQ RI PRELP ZKLFK ZDV
GRZQUHJXODWHG LQ 3V9 FRPSDUHG ZLWK
$'VDPSOHVLQWKH*6(EXWQRW
LQWKH*6(GDWDVHWFig. 4D±E
9DOLGDWHGRQ WKHLU UHVSHFWLYH VRXUFH
GDWDVHWVWKH/22&9DFFXUDFLHVRIWKH
690 FODVVL¿FDWLRQ PRGHOV EDVHG RQ
WKHVHPXOWLFRPSRQHQWELRPDUNHUVZHUH
DQGIRUWKH*6(DQG
*6(JHQHVHWUHVSHFWLYHO\)LJ
F±G7KHDFFXUDF\RIWKHFODVVL¿FDWLRQ
PRGHO WUDLQHG RQ WKH *6( VHW
DQGWHVWHGRQ*6(ZDV
7KHDFFXUDF\RIWKHPRGHOWUDLQHGDQG
WHVWHGYLFHYHUVDZDV)LJH±I
:KHQWHVWHGRQWKHIXOOWUDQVIRUPHGWHVWVHWWKHSHUIRU-
PDQFHVRIERWK690PRGHOVZHUHLQIHULRUWRWKHLQLWLDO
PXOWLFRPSRQHQWELRPDUNHUIL36G, CCL27, NOS2 and 
C10orf99ZLWKDFFXUDFLHVRIDQGIRUWKH
*6(GHULYHGJHQHVHWDQGWKH*6(GHULYHG
JHQH VHW UHVSHFWLYHO\ )LJ 6$SSHQGL[ 67KH
SUHYLRXVO\GHVFULEHGPHWKRGRIGDWDWUDQVIRUPDWLRQZDV
DSSOLHGWRFRQVWUXFWWKHWHVWVHWIRUWKHVHPRGHOV)LJV
6±$SSHQGL[6
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Multicomponent biomarker for psoriasis vulgaris
)LJ6XSSRUWYHFWRUPDFKLQH690FODVVL¿FDWLRQPRGHOSHUIRUPDQFHRQWUDQVIRUPHGWHVW
VHWD3UHGLFWLRQVRIWKH690FODVVL¿FDWLRQPRGHOWUDLQHGRQWUDQVIRUPHGT3&5GDWDVHWVDQGWHVWHG
on 6WUDQVIRUPHG51$VHTDQGWUDQVIRUPHGPLFURDUUD\GDWDVHWVRISVRULDVLVYXOJDULV3V9
non-lesional psoriasis (Ps-NL)atopic dermatitis (AD)QRQOHVLRQDODWRSLFGHUPDWLWLV$'1/
lichen planus (LP), 30 contact eczema (CE), and 88 C skin samples. The predictions on scalp psoriasis 
(Ps-S) and SDOPRSODQWDUSVRULDVLV3V33VDPSOHVZHUHQRWLQFOXGHGLQWKHFDOFXODWLRQVRIGLIIHUHQW
model performance metrics. (b) Receiver operating characteristic (ROC) plot and corresponding area 
under the curve (AUC) value based on the prediction scores obtained from testing the model trained 
on qPCR data on the assembled test set.
)LJ2YHUYLHZRIH[SUHVVLRQOHYHOVRIWKHJHQHVVHOHFWHGE\WKHGDWDGULYHQDSSURDFKLQWKH*6(DQG*6(GDWDVHWV (a) 
Expression levels as Cy5/Cy3 intensity value ratios of the 8 biomarker genes across 30 psoriasis (Ps), 30 atopic dermatitis (AD), 30 contact eczema (CE), 
OLFKHQSODQXV/3DQGKHDOWK\FRQWURO&VNLQVDPSOHVLQWKH*6(GDWDVHWE([SUHVVLRQOHYHOVDVORJRI53.05HDGV3HU.LOREDVHRI
WUDQVFULSWSHU0LOOLRQPDSSHGUHDGVYDOXHVRIWKHPDUNHUJHQHVIRU3V93V1/$'DQG&VNLQVDPSOHVLQWKH*6(GDWDVHW7KH
JHQHVWKDWDUHQRWPDUNHGE\DQDVWHULVNZHUHVHOHFWHGEDVHGRQ5HFXUVLYH)HDWXUH(OLPLQDWLRQ5)(RQWKH*6(GDWDVHWDQGWKHJHQHVWKDWDUH
PDUNHGE\DQDVWHULVNZHUHVHOHFWHGDVWKHUHVXOWRI5)(RQWKH*6(GDWDVHW(UURUEDUVUHSUHVHQWFRQ¿GHQFHLQWHUYDOVF5HVXOWVRI
OHDYHRQHRXWFURVVYDOLGDWLRQ/22&9RIWKHFODVVL¿FDWLRQPRGHOEDVHGRQWKH*6(GHULYHGJHQHVHWDQGGUHVXOWVRI/22&9RIWKH*6(
GHULYHGJHQHVHWPRGHOH5HVXOWVRIWHVWLQJWKHFODVVL¿FDWLRQPRGHOEDVHGRQWKH*6(GHULYHGJHQHVHWRQWKH*6(GDWDVHWDQGIUHVXOWV
RIWHVWLQJRIWKH*6(GHULYHGJHQHVHWPRGHORQWKH*6(GDWDVHW
DISCUSSION
6HYHUDOJHQHH[SUHVVLRQEDVHGELRPDUNHUVIRU3V9KDYH
EHHQSURSRVHGEXWQRQHRIWKHPKDYHEHHQFRPSOHWHO\
GLVFULPLQDWRU\IRU3V9RUFRQ¿UPHGLQPXOWLSOHSDWLHQW
FRKRUWV,QWKHSUHVHQWVWXG\LWZDVK\SRWKHVL]HGWKDW
XVLQJDFODVVL¿FDWLRQPRGHOEDVHGRQVHYHUDOSRWHQWLDO
ELRPDUNHUVSURSRVHGE\VHSDUDWHVWXGLHVZLWKLQGHSHQ-
GHQWSDWLHQWFRKRUWVZRXOGHQVXUHLPSURYHGUHVXOWVLQWKH
ELRPDUNHUEDVHGGLDJQRVLVRIDKHWHURJHQHRXVGLVHDVH
VXFKDV3V9$VVXFK WKHDLPRI
WKLVVWXG\ZDV WRSUHVHQWDSURRI
RI FRQFHSW FODVVLILFDWLRQ PRGHO
FDSDEOH RI PRUH DFFXUDWH FODV-
VL¿FDWLRQ RI 3V9 VDPSOHV DFURVV
GLIIHUHQW SDWLHQW JURXSV WKDQ DQ\
RI WKHPDUNHUJHQHVLQGLYLGXDOO\
$690FODVVL¿FDWLRQPRGHOZDV
trained based on the expression 
OHYHOVRIJHQHVIL36G, CCL27, 
NOS2 and C10orf99LQWKHOHVLR-
QDOVNLQWLVVXHXVLQJLQGHSHQGHQW
VHWV RI VDPSOHV IURP ORFDOO\ UH-
FUXLWHG SDWLHQWV7KH PRGHO ZDV
YDOLGDWHG RQ  GLIIHUHQW SXEOLF
GDWDVHWVUHVXOWLQJLQDDF-
FXUDF\RIGLVWLQJXLVKLQJ3V9IURP
RWKHULQÀDPPDWRU\VNLQGLVHDVHV7KLVPXOWLFRPSRQHQW
ELRPDUNHUFRPELQDWLRQRXWSHUIRUPHGFODVVL¿FDWLRQED-
VHGRQVLQJOHPDUNHUJHQHVDQGRWKHUJHQHVHWVZKLFK
ZHUHPRUHDIIHFWHGE\WKHYDULDELOLW\RIJHQHH[SUHVVLRQ
SUR¿OHVEHWZHHQGLIIHUHQWGDWDVHWVDQGSDWLHQWJURXSV
7KLV VWXG\ ZDV OLPLWHG E\ WKH DYDLODELOLW\ RI JHQH
H[SUHVVLRQ GDWD IURP ODUJH SDWLHQW FRKRUWV DQG WKH
LQWHUGDWDVHWYDULDELOLW\LQKHUHQWWRWKHDYDLODEOHGDWDVHWV
&RQYHQWLRQDODSSOLFDWLRQRIPDFKLQHOHDUQLQJPHWKRGV
LPSOLHV ODUJH GDWDVHWV WKH DEVHQFH RI ZKLFK FDQ OHDG
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WR OLPLWHG DFFXUDF\ DQG KLJK SRVVLELOLW\ RI RYHU¿WWHG
PRGHOVWUDLQHGRQVPDOOGDWDVHWV±3XEOLFJHQH
H[SUHVVLRQGDWDVHWVRILQÀDPPDWRU\VNLQGLVHDVHVRWKHU
WKDQSVRULDVLVDUHVFDUFHDQGUHFUXLWLQJDODUJHQXPEHU
RISDWLHQWVZLWKGLIIHUHQWLQÀDPPDWRU\VNLQGLVHDVHVIRU
DFRQYHQWLRQDOPDFKLQHOHDUQLQJDSSOLFDWLRQZRXOGEH
DQH[WHQVLYHO\ODERULRXVWDVN7KHUHIRUHLQWKLVVWXG\
VXSSRUW YHFWRU PDFKLQH 690 FODVVL¿FDWLRQ PRGHOV
ZHUHXVHGLQDQXQFRQYHQWLRQDOVHWWLQJZLWKHPSKDVLV
RQWUDLQLQJDQGWHVWLQJWKHPRGHORQGDWDIURPGLIIHUHQW
JURXSVRISDWLHQWV
'H¿QLQJWKHEHVWSRVVLEOHFRPELQDWLRQRIELRPDUNHUV
IRU3V9GLDJQRVWLFVLVKHDYLO\GHSHQGHQWRQWKHDYDLODEOH
GDWDVHWVDQGWKHSRVVLELOLW\WRLQWHJUDWHWKHP7KHDYDLO
DELOLW\RIODUJHUGDWDVHWV*6(DQG*6(
DQGWKHQRYHOPHWKRGGHYHORSHGDVDSDUWRIWKLVVWXG\WR
QRUPDOL]HGLIIHUHQWJHQHH[SUHVVLRQPHDVXUHVDOORZHG
WKHSRVVLELOLW\WRSXUVXHWKLVGLUHFWLRQ5)(ZDVXVHGWR
¿QGFRPELQDWLRQVRIJHQHVEHVWGLIIHUHQWLDWLQJ3V9IURP
RWKHUVDPSOHVVLPLODUO\WRWKHVWXG\E\*XRHWDO
EXWZLWKWKHH[FHSWLRQRILQFOXGLQJRWKHULQÀDPPDWRU\
VNLQGLVHDVHVDPSOHVDVZHOO$OWKRXJKWKLVDQDO\VLVZDV
OLPLWHGWRWKHJHQHVSUHVHQWLQWKH*6(PLFURDUUD\
GDWDVHW LW GLG SURYLGH GDWDGULYHQ DOWHUQDWLYHV WR WKH
K\SRWKHVLVEDVHGVHOHFWLRQRIWKHJHQHVPDNLQJXSWKH
PXOWLFRPSRQHQWELRPDUNHU
3HUKDSVWKHPRVWLPSRUWDQWREVHUYDWLRQLQWKLVVWXG\
ZDV WKDW WKH H[SUHVVLRQSUR¿OHVRI LQGLYLGXDOPDUNHU
JHQHVZHUHQRWDEO\YDULDEOHDFURVVGLIIHUHQWGDWDVHWV,Q
WKH*6(GDWDVHWWKHH[SUHVVLRQOHYHOVRIIL36G 
ZHUHXQLIRUPO\GLIIHUHQWLQ3V9FRPSDUHGZLWK$'VNLQ
VDPSOHVEXWGLVSOD\HGDQRYHUODSRIH[SUHVVLRQYDOXHV
LQWKHT3&5DQG*6(GDWDVHWV,QWHUHVWLQJO\LQ
FDVHRIWKHRXWO\LQJ3V9VDPSOHVLQWKHT3&5GDWDVHW
LQWHUPVRIORZHUIL36GH[SUHVVLRQOHYHOVWKHOHVLRQV
RIWKHVHSDWLHQWVH[KLELWHGKDOOPDUNVLJQVRI3V9DQG
ZHUH LQ WKH SURFHVV RI DFXWH H[DFHUEDWLRQ GXULQJ WKH
WLPH RI VDPSOLQJ 6LPLODUO\ WKH H[SUHVVLRQ OHYHOV RI
NOS2 and CCL27DJHQHSDLUWKDWKDVSUHYLRXVO\EHHQ
XVHGWRGLIIHUHQWLDWH3V9IURPHF]HPDVDPSOHVZHUH
VXUSULVLQJO\YDULDEOHDFURVVWKHGDWDVHWVLQFOXGHGLQWKLV
VWXG\DQGGLGQRWUHVXOWLQKLJKO\DFFXUDWHSUHGLFWLRQV
ZKHQXVHGLQD690FODVVL¿FDWLRQPRGHO)RUH[DPSOH
LQWKH*6(GDWDVHWNOS2GLVSOD\HGFRPSDUDEOH
H[SUHVVLRQ OHYHOV LQ 3V9$' DQG &( VDPSOHV DQG
CCL27ZDVGRZQUHJXODWHGLQERWK3V9DQG/3VDPS-
OHV&RQYHUVHO\LQWKHFRQ¿QHVRIWKHT3&5GDWDVHWV
H[SUHVVLRQ OHYHOV RI NOS2 and CCL27 LQ WKH 3V9
VDPSOHVFRPSDUHGZLWK$'VDPSOHVZHUHLQOLQHZLWK
WKHUHVXOWUHSRUWHGE\4XDUDQWDDQGFROOHDJXHV)URP
DPRQJVWWKHJHQHVVHOHFWHGEDVHGRQ5)(PRLEPZDV
GRZQUHJXODWHGLQ3V9VDPSOHVLQWKH*6(DQG
*6(GDWDVHWVDQGLPSURYHGWKHFODVVL¿FDWLRQDF-
FXUDF\ZKLOHLQWKH*6(DQG*6(GDWDVHWV
WKLVZDVQRWWKHFDVH
0DQ\IDFWRUVFRXOGSRWHQWLDOO\OHDGWRFRQVLGHUDEOHGLI-
IHUHQFHVEHWZHHQLQGLYLGXDOGDWDVHWVJURXSVRISDWLHQWV
HJGLIIHUHQFHVLQSDWLHQWFKDUDFWHULVWLFVGLVHDVHVHYHULW\
FHOOXODU FRPSRVLWLRQ RI WKH VNLQ ELRSV\  JHQHWLF
EDFNJURXQGQRQUHSUHVHQWDWLYHVDPSOHVL]HVRU
WKHHIIHFWVLQWURGXFHGE\WKHXVHRIGLIIHUHQWH[SUHVVLRQ
TXDQWL¿FDWLRQ PHWKRGV 1HYHUWKHOHVV LW ZDV DSSDUHQW
WKURXJKRXWWKHLQGHSHQGHQWGDWDVHWVXVHGIRU/22&9
WKDWWKHJHQHIL36G, CCL27, NOS2 and C10orf99
PXOWLFRPSRQHQWELRPDUNHUUHWDLQHGLWVDFFXUDF\ZKLOH
LQGLYLGXDOJHQHVGLVSOD\HGLQFRQVLVWHQWH[SUHVVLRQOHYHOV
7KHFRPELQHGH[SUHVVLRQSUR¿OHRIWKHJHQHVPDNLQJXS
WKHPXOWLFRPSRQHQWELRPDUNHUZDVOHVVDIIHFWHGE\GLI-
IHUHQFHVEHWZHHQGDWDVHWVJURXSVRISDWLHQWVFRPSDUHG
ZLWKLQGLYLGXDOJHQHVGHPRQVWUDWLQJWKDWWKHIRUPHUWR
EHDPRUHFRQVLVWHQWELRPDUNHU
7KH SHUIRUPDQFHV RI DOO FRQVWUXFWHG FODVVL¿FDWLRQ
PRGHOVZHUHWHVWHGRQWKHDVVHPEOHGVHWRIVDPSOHV
ZKLFK FRQVLVWHG RI VHYHUDO LQÀDPPDWRU\ VNLQ GLVHDVH
VDPSOHVLQDGGLWLRQWR3V9DQGFRQWUROVDPSOHV7DEOH
,$VWKLVZDVDQLPEDODQFHGGDWDVHWZLWKRIWKH
EHLQJ3V9VDPSOHVWKHFRPELQHGPHDVXUHRISUHFLVLRQ
DQGUHFDOO WKH)VFRUH LVEHVWVXLWHGWRFRPSDUHWKH
GLIIHUHQWPRGHOV7KHJHQHIL36G, CCL27, NOS2 
and C10orf99PRGHO\LHOGHG)VFRUHRI
DFFXUDF\DQGWKHQH[WEHVWPRGHOEDVHGRQO\RQIL36G 
UHVXOWHGLQD)VFRUHRI&ODVVL¿FDWLRQEDVHGRQ
IL36G\LHOGHGDUHFDOOYDOXHRIFRPSDUHGZLWKWKH
RIWKHJHQHPRGHOUHVXOWLQJLQDOHVVVHQVLWLYH
\HWVOLJKWO\PRUHSUHFLVHPRGHO'XHWRWKHLQWHUGDWDVHW
YDULDWLRQRINOS2 and CCL27H[SUHVVLRQOHYHOVFODV-
VL¿FDWLRQEDVHGRQ WKHVHJHQHVZDVSRRUHUZLWKD)
VFRUHRIIDOOLQJVKRUWRIWKHOHYHORISHUIRUPDQFH
UHSRUWHGE\4XDUDQWDDQGFROOHDJXHV7KHSHUIRUPDQFH
RIWKLVFODVVL¿HUZDVKHDYLO\DIIHFWHGE\WKHH[SUHVVLRQ
OHYHOVRINOS2LQWKH*6(GDWDVHW7KH5)(RQ
*6(DQG*6(GDWDVHWV\LHOGHGPRGHOVZLWK
UHVSHFWLYH)VFRUHVRIDQG7KHUHIRUHWKH
GDWDGULYHQVHOHFWLRQRIPDUNHUJHQHVIRUWKHPXOWLFRP-
SRQHQWPRGHOGLGQRWUHVXOWLQDEHWWHUFRPELQDWLRQRI
JHQHVWKDQWKHLQLWLDOK\SRWKHVLVEDVHGVHOHFWLRQ
,QFRQFOXVLRQFRPELQLQJPXOWLSOHJHQHH[SUHVVLRQ
PDUNHUV DV D PXOWLFRPSRQHQW ELRPDUNHU DOORZHG WKH
GLVWLQFWLRQRI3V9IURPRWKHULQÀDPPDWRU\VNLQGLVHDVHV
PRUHDFFXUDWHO\WKDQDQ\RIWKHPDUNHUVLQGLYLGXDOO\
7KLVDSSURDFKFRXOGSRWHQWLDOO\EHIXUWKHUH[SDQGHGWR
GLIIHUHQWLDWH EHWZHHQ GLVHDVH VXEW\SHV  LPSURYH
GLVWLQFWLRQLQFDVHVRIRYHUODSRIGLIIHUHQWLQÀDPPDWRU\
VNLQGLVRUGHUVDQGWRPRUHDFFXUDWHO\PRQLWRUWKHHI-
¿FDF\RIWUHDWPHQWV+RZHYHUWKHQHHGIRUYDOLGDWLRQLQ
ODUJHUJURXSVRISDWLHQWVUHPDLQV&RXSOHGZLWKDFRVW
HIIHFWLYHJHQHH[SUHVVLRQTXDQWL¿FDWLRQWHFKQLTXHWKLV
DSSURDFKKDVWKHSRWHQWLDOWR¿OOWKHYRLGRIFOLQLFDOO\
DSSOLFDEOHELRPDUNHUVIRU3V9DQGRWKHULQÀDPPDWRU\
VNLQGLVHDVHV
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